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[0 047] mrfHF-f #;1->^A (C 

a) ha>*£A (S r ) *6ft*8*6S« 
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[0048] MfBIfle) Ar, N,, H^X, O 

h,o. n 2 o, no, ttxtei,. te^zmm^^x 
[0049] ^^r, ( 1 0-25) **tr£ 

A (Z r ) 4s<fc^^^.^A (H f ) ij>t>t£Z>mtf>t>m 

*?£l/<fci\ TJt^~^A (A 1 ) , **7>S^A 
(Sc), 7>^>(La), JfcB-fyhyjA 
<Y) ^>=fflaiB % 4>0<te#/l<^A (Ca) *fc 

hP>*^A (Sr) ^M1T^^> 0 
[0 05 0] F-t*>^M^tRT^Ci(C^or. 

ESfctM^fcStZTC, F-tT>^^JS©^ajcJ:»). 

[0 05 1 ]*»t — «0Cfc(r*T. Y 2 0,. CaO 
„ A 1 2 0 3 . La 2 0 3 . Lafc^^Srtaot^ 
{fcStiS^n^r (ZrO,) Mftn. JHoXtt 
JgttKfel*-?* SrZr O LtSi? 

[0 052] Mf*9<D F-tf 

■fe>f—^3&ift5 0%*jBiftL«cC». iItC<fcot(i. 
F-f>^sfeR©^"— b>^-t?3&Jfel 0%*MTN6 

[0 053] MOSFETh7>^^«5ti^ 
CCDh^>^x#te, y-F«S. JJB*'- h*«©T 

(bkcJlm^^s^ + ^/u^w. fcjrcw- bmmt* 

MftKt*. 4*- hmtMfct. ^2 0-2 0 0A©II 

[0054] i&mw < ^©Mirtt, *+*>vm 
^ty-hifi»ii©WA?n/c ^2-5 acd 

.+*Jl««©±ffi^ J;0^#CC^0. MO S F E TO 

[0055] mmzm'r&m&mm (10 
i^t, F-^^jsraaB*icaffi±«c^fiE-rsx^?r 

a> BK^^tfSffla^Oa-rSXgi, . 
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b) ±sB I C^t;zj>^_t(cZ rtoZVU f ivhtzZ 
mfrt>mtRZt\2>&m. ^c^^cCa, Sr. AK S 

h i oo^-y * b£J!£*'^ * y >y-rex^i, 

c) ±sBXfia) te<fctfb) (ct&DT, ±S2F-:/#« 

d) *tF4 0 0 — 9 0 0 °C<DW&<DM&-V7 - - y 

[0056] ^©CKo^OMI^^t, ±3BX 

i^TTI^^A'-, £ y >^T&X&&*t*. 
[0 05 7] *5C»tt _b8EF-^#KM^U«%iiffl-r 
Sfb^WSlfflfiSSffi (CVD) ^$^ g COSS 

a) Z rWHf fr6fc*#*fcjBfR<*ft*£«&fc 
Cttc F-bT> jfftH*dtf» 3>&< £ 1 ooflflW** 
tJ3§$T£XH<b, 

b) iSEWrettfcSSBfeS-tfSXgi, 

c) K***tf^H»*WSL'rsxgi, 

d ) Jbffi I c*ffi±rjJMOTtt£$W»u ffcMMftffl 
^(CVD)r, Z r:fe\£tfHf frhteZmfr^M 

e) #34 0 0-9 0 0TOW(7)Mr7^-';>y-r 

SMBWJ&fcStiSXgi. *^&„ 
[0 058] MOfWttfc jjfc»*fcftt>T\ 

^(ALD) t or <>^i©^JBft*WSttBfiB|ffi 
(ALCVD) ^ F-^*«MftBI**arS*«6i 

ItMl^n^o CCDALCVDffiK, 

a) Z rWO'Hf ^6&&S*6»fRS#iS^«*^ 

b ) jjass i ©i»M**»yfe3-tt\ ±13 1 cmmz±wz 
mft+mtt^z&wicik&mmmL. alcvd& 

r, JJB£K©»£ii»r*XII<S:, 

c) B»iiris#*i9»-rsxei. 

d> jjBwmntew&stt. ±sa i cft®£±iBS8 

#^B^±f2*ffi{c{fcW«j(cK#l/, ALCVD^ 

r, itaBBRoB^inarrsxsi, , 

e) f - 1- > y^is *^t? f - e > ?&immw&zt®M 

f ) ±iEK-e>4f^iiMirB**j|i»s*. ±ssicai 

M*±fBF-t >^&MfMf*fc«-rc<fcfc:J:9. ±12 
CVD&r, ±S2F-t:>^«©Jg^it«-r*Xg 
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e) #J3 0 0-9 0 0 m C<Dmm<DM&T?7~-V ><?L 

[0 05 9] ^tCJSOrXIBXM^OiirciKlJ: 
or, gf^W90§M^CDlt^CDii^ii^$n^. ft© 

w?kwm*d F-t>^*R*wr*»«fl*f**©± 

F-^^«fcH*iiai'r63lMltt3WaM*5*i4. CO 

a) ftixi 0- 9 — 1 x l 0-To r rCD^ST\ 

b) Zr4dJ:^Hf^6tt*»*»^S«$n^«. 
20 6tfKF~fc->^J5£^t**l>ft< 

sissE-rsxiii, 

c) jjb4>&< aioo^ot^. ^1000-20 
o o °c<Dmm<Di&&'v mm*?* c t cc o , ±tex^ 

b) rfflW3^3^«*3)Bfe3^5X3gi, 

d) ±i2XHa) -c) fcJfcDr, ±I2Z rfeJctfH f 

e ) ^^tf#amr, mOO-900 'CO©fflCD 

«#Jft£i?*i&XII& % **t*. 
[0 06 1] 

[^©I9fc0««] 1 999^7^1 9 HOC 

BJMC^S^FaiI!i#-^0 9X3 56. 47 0, 
#»6, 0 6 0. 7 5 5#<D^ffil!I"C*S. 2 00 0 
^2^29 CCffillO^S#^FtbM#-^0 9/515. 7 

4 3 (o^mmam^asmomm 

[0062]*Mi». F-:n»ffci^a^*Af«i> 

40 £<i*/c, 1 5 f a >*»©PMO S F E T*WS3h 
r#7t a ^rTSt, Xflfi £ fc = flfi© F - fcT > 

[oo63] -Kb> y =i >tc»bt , am 

Wm^VZ. Xffl|*ft:ti=fl5©F^fcr>^^K. 
rJr.»i?A (Z r ) fcJrCf^^n^A (Hf ) iP^U^m 

F-tr>^£JB», »*t<tt. r;i/$^^A(A 

1) . X*>>?^A (Sc) . 5>^> (La) , 
50 h y (Y) ^DHffi^JS, ^>0<»^7;^>^ 
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A (Ca) SSfcW* ha>^A (Sr) 3£<Z>Xffi&Jii 

[0 0 6 4 ] i> < o^CDWAQrfliftrM. HMt*» HI* 
W*C«, #)2 0-2 0 0 A<Z>|&H<&M94«U ftitfg 

[0065] JgrtCD F-f>^||^-fe>f-^ 

[ 0 0 6 6 ] ■ 1 «. *§m<D K-^^MBMfcKCcWT 
y z y > #Ht«?S£^T? a- * - h -c&£ a 

xei o«, »ffi**rr*naMgB ( i o ^rM^-r 
hi 2«, sa^^H^FiAi-r-So a^^j 

Ktt. II12U, T^=f> (Ar) t>ft*"r*1Sffl» 
0,<DA rK^T£J±^&2&5-2 5%<Z>«5K 
T?&£ 0 ffi^^, 0 * y (mTo r r) CD 

^fflr^*,, x*ii 4tt. I c^®±k:z rtecfca^H f 

©^-^^ h#i$^^y>m. x*H4ii£ 

£ 0 K-tf>^^H«. tf»ix<». T^5~*A(A 
1 ) k X*7>^A (Sc), 7^>(La) J/h 

«-f»hy?A (y) sr©3jfi£jH, *b o < «^7/ue>-^ 

A (Ca) g/USX M2>*^A (S r) l£<DXffi£jl 

~c$>*>„ ^^o^<o*»o^MCc:*5i^-r, 1114 

[0 06 7] X*Il 6tt % Xfil 2*5<fct>*l 40Cj£D 

0-900 TOiicoM-cr^- y >^t$ 0 r^- 

3 O^OlfiHTSOft-rS. Xfll8&2, Ar. N 2 , H 2 
tfX, o a . H 2 0. N t O, NO, #X£b (#X?V 

SSSR^ftO^ffi^^flEL-r&Xg^^tP. X12 0 
[0 068] #»£C!H> < -3*>©®ffiH:*5l*T , II 1 

ok, ^yn^icii^u xsi6©«r«:S6 
II14a (H^r> »m 
-4 ootoiio i cs/y =i>SffiiSK£ifeSrr£. 

[0069] Zr-Al -OfccfctfH f-Al-Ol 

±a©£;b»K n^x^?^y>yficj:ordU(d 
[0070] ^maoBmmRtt. tmft. 

X* (IT) SMK*^';) K^3T#£„ :«HB<D 
#iEKffir>T£*3fta*«#Htt, h i gh-kill 
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[oo7i]i2^3u, *¥m<DY-7&mmt 

mtm^XMO S F E T h 5>^X # £SSfiW*XH£ 
^*r„ H2», ±®5 4£<f*fc^**;M^5 2£W 
«h7>^^5 0^t 9 ^r^^««5 2©±6C 

[0 0 7 2] *3^©t*<03fr©SMCCfcl>T % 
^*5 0tt 4 ^**JHi«5 2<ty-hif*#B5 6 
±<DHfc»AS*lfc, tt2-5A<D«H©«/16 4«r 

T y r e 2 * s 6 ma* y r e 2 12, 

10 WbS/y=i>^J:OWa{kvy=i>3^64r^m»6»K 

J:D^CC^t), MOSFETSOOWSIift** 

[0 073]^3{t h«5 8 &*i-*^««© 
±®5 4£©IBRC»A3*ifc. ^-h»S«K5 6%^ 

■r. y-h^ifti5 6« 4 -Mft^y3>*cjt^T« 

*^3~?A (Z r) &J:&^7~yA 

20 tP 0 F-f>y^JS«, *?$0< (2„ (A 
1) . **7>i^A (Sc) . ^>£> (La) , £fc 
&2-< ^ F y »>A (Y) ^©Xtifc£JI. < \%*Mst> 
A (Ca) SfcfctX hP>^A (S r ) ^<£>—ffi£JI5 
r£>£„ H5 6rtOK-fcT>^*jSI<0/^-b>f"-2> 
12. ^j0-5 0%(D^ffl-C*S o ft* Is < 12. 156^9 
©A KD/'C— fe>^— 5*12, fi2 5%r*5.-y-HI 
m&ms 6 » % #J2 0 -2 0 0 A<Z)f&Hcr>&/P6 0 (■ 
3) £WT£ e y-h^m^M5 6*2, mi 0-2 5<D 

30 [0 074] C MO Sf/<-f X©«»T©y- h 

pjtt^y r», ^{t-> y n > *j j; on^f y ^ > £ 

40 B. ^sSttS^tt^b^ffi^rCDZ r-A l^CDffc^- 
C. Zr-Al -Ofc«fctfH f - A 1 -0<Dll¥$ffi. 
D. 

iHtfc:MHr>T* ^§t4(m^ Ar, N„ H, 

tfX) *s£&/&tLl*ffit (O,, H 2 0, N 2 O v NO 
fecfcO^X^U ) 3TH^VC, A@ (4 0 

0-9 0 0'C) rr--«;>^^ hi&h-kj^te 
J:Cfh i gh-k/S i»3>fr>3^>^7 
so 5. i*€fK:i;^T^?n5^ 



15. 

[0075] T~-v>tficm*x* y-h&mmz 
£Ji£fcte**y'>y3>T&9i§£ 0 ^c^r% 

[0 07 6]i4«, F-^»fBI«JS 
t5CVDSOXl*^t70-?t-hr*5. Ii 

i o o», ^M^w-rsjUME® ( i o £^T£ 0 

XI10 2», Z r*J,fcCfHf ^^«ff^6flR»h 

<Dtm#&WUtr& m JMl 0 2it F-tr>^#jg£ 

(Al), (Sc) , v>£> (La) . 

» h'idA (Y) ^C0=fi5#JS. fcKi**^ 
(Ca) £fcfctX Ma>*-*A (S r ) ^CD^-fffi 
£JlT-£>£„ &$m(Ol<><-o&CDmWtC*5l<>~C. X*I 1 

<OiaKflc*«»-r*. Xgl 0 6lt H^^filt 

^Piffi-r*. xm 0 6», r;i^> (a 

r) 0 2 <DA rtCtttZ&m 

$%<Dwmx. EJi&m i - 1 o Tom-e 

I110 8K, I C*ffi±riWl#*#jBU {t 
3^MtBE&fi& (CVD) "C, Z r*jJ;tfH f iPhttZ 

[0077] in i oti, ^400-80 o -c<d$sh 

OSIr7^';>m o IillOtt, Ar, 
N», H,*7X, O,, H 2 0. N 2 0, NO. *7*fcU 

t?#H^£ffg£-T£X|I£^tf 0 IS112 B % £f&$3 

[o o 7 8 ] &$m<D^<-ofr(Dmmictei<*x, x*ii 

0 0«, i/'Jn>ICiM^U Xgl 0 8©iiiiK: 
?6^5X1M^„ X^l 0 6 a#, #J3 00-5 0 

o •ccotsaoD i c ~> y n >mffiu0L&tifiLT 
[0079] xzmvfflvmmm&icto^x* m*m<t 
tmmmmm (alcvd) Y--?&mmtwm 
n&m*j&i&'?z>tcsbicmi<>t>tiz> a ALcvDm 

^x. mmcomifr. »c©iut 4 muu* m& 



(9) ^2002-33 320 

16 

tzrcu *mi>xmi<omft*m*j&mi>, 

ZrCl «<D&£^-^U gkffiZAtmm. (Hz 

tt. ^n-^A^Ptf+^F (Zr (iOPr)*) 

10 (Z r ( tmhd) 4 ) *^tr. fb^»*«. Rff^OM 

&*3£VJtt)XmC J^WCC. 1-10 0 

OmTo r rCDJXftT\ 1 0 0-7 0 0TO^r*^ 8 

fct. ZrC Ufci^om^r, 3 0 0*CCD^-C 
20 ^n^ 0 ALCVD^i, MUC, A-;^CVDSi{> 

tmm&cto^x, F-e>^ig#cr)^;i/X3&5#A3n 

30 tO^^OS^^r^MCi. *©fiK^©*AO«rco 1 

JE**Mfflr-rs«W7"C*S. IS^IgifWtc J: D, 10A 
*M©JBW©S, L < 2-5 A©ra©MJ?cDM 

[0 0 8 0]S5ti, F-^aibB^T^AL 
CVD^Xi^l-^P-ft-FT^S,, 
40 [ 0 0 8 1 ] Xfl 1 5 0 5i, ^M^WTSmaiEl?S ( I 

o *m&rz> 0 #mrj:mmmsctoi>x, mw±ttt> 
tbtGtt&immtmimQmrtix* vyn>a 

t0 082]I1152[^ Z r fcJ:tfH f frhUZ>m 

mo. *<o'pu< ±$> l-xDmrntzmsz-G, i cm 

LCVD^t >'W(D I C^MX&Ctt^m^^^^ 

mTzzticmisX^z^xabz. Mxtf, «tS^h 

50 tBBSi5C*5l»r. ^<t^3i^^A (ZrClJ . ^ 
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Acu^Az/naF+i/F (Z r dOPr) J ^J>' 
^brn^A^ h^^l^t/^ h (Zr 

(tmhd),)3&J, Zr *^T£/c#<Dinig<re& 

[0083]I1154[i 4 ^HuSB#£f3iSU IC 

Bans*?**. *fWtt*E»»iiicc^c»T. h 2 

[0084)111 56^ K-br>^AK«fttr F- 10 
TJl^-^A (A 1 ) , X;*7>*^A (Sc) „ 5 

(La) % * h y ^a <y) m<D=m& 

m. fcKBM^ (Ca) *mFa>m 

^tt, A 1 C 1 3 , A 1 (CH 3 ) 5 , *<fctfAl (ac 
a c) ifrbteZmfrZMWZtiZ. ICWK-f 

>^tWR*fc«sns©r, f - tr > ©ji * ft: a 

M<0— ^ffi I Cil5C5Rft^ fl 20 

jiwtcjscT. latsm ft^wcxg 

1 5 2, 1 54. fccfctfl 5 6 

2 . 15 4, 4e <£tX 1 5 6 B, ^S©it*#tm££/$ 
CC*J^T % ALCVDffiCCMje-r^^FJSO^CC^ 

[0 0 8 6] xn 6 occ*jc»r % SWcsits&ivc. 

[0087)1^162^ Afett&K&W«BE£ffi 

[0 0 8 8 ] Xfl 1 5 2* 1 5 6 «(HH©Xg£ b 40 

[0089)i6«, F-^JKMffcBI*^fiW--5J8# 

^ya>«iff*»rsjBiHW (ic) 

Z> 0 X12 02B, Z rfcJ^H ffrttZmfr^miR 

«, 7M1>5-->A (AI), *#>t^>A (Sc). 5 
>£> (La), 9 h V£A (Y) *D3ffi^ 50 
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JH, fel/<tl*^>'5A (Ca) jmhnWA 
(S r) ^©-«ISr*^. II2 0 4«, S£ (# 

& 1 O<7)&0&£, |5jlOOO-2000 # CC!)|iffl(7)^ 

J*H±£„ X12 0 8B, X12 0 2-2 0 6KJ&CT, 

«c F-f>^««r^t^*BI*iia-rs. XH2 1 0 
B, ^€^0#ffl^CC4iJ^r, #J4 0 0--8 0 O'CCD 
mm<DU&X'7~-V Z r*S<£t/H f 

Z^tr&&m*&f&?Z 0 112 10B, Ar, N 2 , 
H.tfX, 0,, H 2 0, N 2 0, NO, tfXfrU *5<fct>* 

»&fl££T£Xl£^tfo X12 1 2B, 

[0 090] &§m<D\<>< -ofr<DmMtCtel,>X, XI 2 

0 2B. Z r*J<=t:tfH f a»6&SS*»6SJR3*i*&« 
<Dfcd6<7)01<E>&o#, F-fcr>y£IK©fc8t> 
©#2<Z>£-3«*^fc. 2C^T\ 112 0 6^ ffllOD 

^1 00 0-2 00 0 °C<D^fflC0^{C^ 
f&Xl, *J<fcCf02<D^o^^, i^lOOO- 200 
0 -CcoHifflOfflKfca^T l)Xl^^tf 8 Zr/Hf^ 

oBb, F-tv^Kos^tfiisiojas^^* 

Bfrl*., 

[0091] #&w<d^< -ofrcommcte^x. 112 

1 owawaxg (H^-tf-r) £^&o 112 1 0 a#, 

reR**Mffl«fc4sl>-C, #J4 0 0-9 0 0"C4>KH 

©iast?7^-y>m. 112 1 0 b#, a r, n 

2 , H 2 #X, 0 2 , H a O, N,0, NO, *j 
#ffi«5C4alar. ^400-9 0 0 e C©lBi©SSr7 
[0092] high - kllM^. 1^ < ^Oh i 

& h - k^m^s^K^^ai^ccia^sti/fco 
loi^Si^, i^yr^-ff, *$J:^iE?L^';r 

-ScijWRjteT**. F-fcr>^sfelS«, #f*b<tt. 

T^5^«>A (A 1 ) v X^>^-j7A (S C) , 

> (La) , ^^:B-f » h l/^A (Y) ^©Hffi^W. 
feb<B^7^'>^A (Ca) ifctiXFo^A (S 
r) ^cr>X^Jlr4!>^ 0 

[0093] ffi&Kmsffimicts^x, h i & h - 
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sc<t#njtEr&So c<om*. ovum, alcvd 

S/cttMi-ptM^ 

s a ^mioihcD^mte&vmmmt)*. mmmicjz 

stiffs**, ^com^bteto, ##&W<D!5Hl*rr*9f# 
[0 0 9 5 ] 

49HI!K:<fcft& -I^/t^Hl^^ 

Sr^MTS, h i k h-kW8*K#sj|«StiS. hi 
gh-k^mMti. #;1^>«}A (Ca) £/ctex 
>^^A (S r ) ^©n-fi^l, klXteT^S^A 
(A 1 K X2/>^A (Sc),7>^XLa) > 
*fctt-f*M;*A (Y) «©=«fe«'CF-t>^ 
*iS, (Zr) gfctt^:7-^A (Hf) 20 

«»os^-«3fti**«HBrr s c i # Djtt-r* s-#~c , 
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So ia©F-^h i sh-k^f*R©fcaMc, 

CVD, MCVD, fe<fctfK*&«>tt 

[(3 2 3 H2tt, *^^tF7>^^^t 
[H3]E3tt, $i^ffl^tf7>^^^t 

[®5 3 H5tt, ^WOF-^^WWfcBI^JgJSWS 

So 

[#^<Z)^3 

5 0 h^>i?** 
5 2 

5 6 hSSSftjR 

6 2 7 



[02] 



[03] 
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